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Plasma lactate concentrations in free-ranging moose (Alces
alces)immobilized with etorphine
Abstract
Objective  To investigate plasma lactate concentrations of etorphine-immobilized moose in relation to
environmental, temporal and physiological parameters.
Study design  Prospective clinical study.
Animals  Fourteen female and five male moose (Alces alces), estimated age range 1-7 years.
Methods The moose were darted from a helicopter with 7.5 mg etorphine per animal using projectile
syringes and a dart gun. Once immobilized, the moose were approached, a venous blood sample was
obtained and vital signs including pulse oximetry were recorded. Diprenorphine was administered to
reverse the effects of etorphine. Timing of events, ambient temperature and snow depth were recorded.
Blood samples were cooled and centrifuged before plasma was harvested and frozen. The plasma was
thawed later and lactate analysed. Data were analysed using descriptive statistics and regression
analysis.
Results  All animals recovered uneventfully and were alive 12 weeks after immobilization. Mean ± SD
plasma lactate was found to be 9.2 ± 2.1 mmol L)1. Plasma lactate concentrations were related
positively to snow depth and negatively to time from induction of immobilization to blood sampling.
The model that best described the variability in plasma lactate concentrations used induction time (time
from firing the dart to the moose being immobilized). The second best model included induction time
and snow depth.
Conclusions and clinical relevance  Plasma lactate concentrations in these etorphine-immobilized moose
were in the range reported for other immobilized wild ruminants. Decreasing induction time, which may
be related to a more profound etorphine effect, and increasing snow depth possibly may increase plasma
lactate concentrations in etorphine-immobilized moose.
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Abstract
Objective To investigate plasma lactate concentrations of etorphine-immobilised moose in 
relation to environmental, temporal and physiological parameters.
Study design Prospective clinical study
Animals Fourteen female and 5 male moose (Alces alces), estimated age range 1-7 years.
Methods The moose were darted from a helicopter with 7.5 mg etorphine per animal using 
projectile syringes and a dart gun. Once immobilised, the moose were approached, a venous 
blood sample was obtained and vital signs including pulse oximetry were recorded. 
Diprenorphine was administered to reverse the effects of etorphine. Timing of events, ambient 
temperature and snow depth were recorded. Blood samples were cooled and centrifuged 
before plasma was harvested and frozen. The plasma was thawed later and lactate analysed. 
Data were analysed using descriptive statistics and regression analysis.
Results All animals recovered uneventfully and were alive 12 weeks after immobilisation. 
Mean ± SD plasma lactate was found to be 9.2 ± 2.1 mmol L-1. Plasma lactate concentrations 
were related positively to snow depth and negatively to time from induction of immobilisation 
to blood sampling. The model that best described the variability in plasma lactate 
concentrations used induction time (time from firing the dart to the moose being 
immobilised). The second best model included induction time and snow depth.
Conclusions and clinical relevance Plasma lactate concentrations in these etorphine 
immobilised moose were in the range reported for other immobilised wild ruminants. 
Decreasing induction time, which may be related to a more profound etorphine effect, and 
increasing snow depth possibly may increase plasma lactate concentrations in etorphine 
immobilised moose.
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Introduction
Free-ranging moose (Alces alces), found commonly in the boreal forest of the Northern 
hemisphere, constitute an important game species (Lavsund et al. 2003). Knowledge about 
moose ecology is therefore important for wildlife management, and acquiring this often 
involves that moose are chemically immobilised for marking, sample collection, health 
examination and, less frequently, translocations. Animal welfare concerns dictate that the 
methods employed should cause the least amount of harm to the animal as possible. Since 
moose are wild animals full recumbency is usually necessary and commonly a dart gun is 
used to administer a single intramuscular injection. Etorphine, a potent semi-synthetic opioid 
(Branson & Gross 2001) administered with a dart gun from helicopter in wintertime has been 
used successfully to immobilise a large number of moose in Norway, with a reported 
mortality of 0.5 % (Arnemo et al. 2004). Etorphine causes dose-related respiratory depression 
and hypoxaemia (Branson & Gross 2001). Lactate is an anaerobic metabolic product and the 
plasma concentration of lactate may increase when oxygen supply to a part of or the whole 
organism is insufficient to meet the metabolic demand. When oxygen again becomes 
available in surplus, lactate is converted to pyruvic acid and re-enters the carbohydrate 
metabolic pathway (Guyton & Hall 1996). It has been hypothesised that increased lactate may 
contribute to the development of capture myopathy (Williams & Thorne 1996).
The aim of this study was to investigate the plasma lactate concentrations of 
etorphine-immobilised moose and relate lactate concentration to temporal, environmental and 
physiological parameters.
Materials and methods
The study was performed in Nord-Troendelag County, Norway, from sea level to 
above the timber line to a maximum altitude of 650 meters above sea level between the 63º 
and 67º northern latitude. Immobilisation, capture and handling of moose were approved by 
the Norwegian Directorate for Nature Management and the Norwegian Animal Research 
Authority. All data are reported as mean ± standard deviation if not otherwise stated.
Twenty free-ranging Norwegian moose, 15 females and 5 males, were immobilised for 
the purpose of attachment of collars with GPS and radio-transmitters (GPS PRO Light, 
Vectronic Aerospace GmbH, Berlin, Germany), to sample basic biometric data and to perform 
pregnancy diagnosis by rectal palpation. One female moose was excluded from the study 
because it was not immobilised by the first dart. Mean age was estimated by shedding and 
wear of incisor teeth to be 3.5 ± 1.3 years, however, this is a crude estimate since proper age 
determination of moose older than 1 year must be performed using histological methods 
(Hamlin 2000; Rolandsen et al. 2008). 
The animals were located from a helicopter, and were pursued until they could be 
darted with etorphine 7.5 mg (M99, etorphine 9.8 mg mL-1, Novartis Animal Health, Basel, 
Switzerland) using plastic projectile syringes and a dart gun (Dan-Inject 25 Sp, Dan-Inject 
Aps, Boerkop, Denmark). The body weight range of adult Norwegian moose has been 
estimated to be 288-380 kg (Austrheim et al. 2008), resulting in a dose range of 19.2-26.0 µg 
kg-1. Prior to darting while being pursued with the helicopter the moose would start to run. 
The distance between the moose and the helicopter when darting was approximately 5-10 
meters. After drug administration the helicopter increased its altitude to approximately 100 
meters above ground to avoid disturbing the animal while still being able to observe induction 
of recumbency and immobilisation in most cases. Timing of events was recorded manually. 
Once the moose were immobilised, they were approached and animals that were not in sternal 
recumbency were placed into that position. A venous blood sample was collected from a 
jugular or cephalic vein into a 10 mL heparinised tube (Venoject, Terumo Europe, Leuven, 
Belgium). Rectal temperature was recorded once, respiratory rate and pulse rate were 
recorded manually every 5 to 10 minutes. Arterial oxyhaemoglobin saturation (SpO2) was 
recorded at irregular intervals using a pulse oximeter (Nellcor N-20 PA, Boulder, Colorado, 
US) with a probe attached to the tongue. Due to movement artefacts in 4 animals SpO2 
measurement was not possible. Once the GPS collar was fitted and all data had been sampled, 
diprenorphine (Diprenorphine HCL 12 mg mL-1, M5050, Novartis Animal Health, Basel, 
Switzerland) was administered in a diprenorphine/etorphine milligram ratio of 1.8-2.3 by 
either intravenous or intramuscular injection or a combination of these routes. The recovery 
was observed, the average snow depth in the area was estimated on the basis of visual 
impression and the ambient temperature was recorded with an electronic thermometer (Ice 
warner, TempTec, Adelaide, Australia).
Blood samples were stored in a thermos bottle filled with snow until they were 
centrifuged, the plasma was then harvested and stored at -20oC. The frozen plasma samples 
were transported to the Norwegian School of Veterinary Sciences, where they were thawed at 
room temperature and analysed (Radiometer ABL 800 Flex, Radiometer, Copenhagen, 
Denmark).
The following time events were noted for each animal: the time from first observation 
until the dart was fired (pursuit time), the time from firing the dart until the animal became 
immobile (induction time), the time from the animal becoming immobile until the venous 
blood was sampled (blood sampling time) and the time from when the venous blood was 
sampled until the plasma was harvested (whole blood storage time). These times and the 
ambient temperature, average snow depth, pulse rate, respiratory rate, SpO2 and body 
temperature were included as covariates in the statistical analysis.
Data Analysis.
The variation in plasma lactate concentration (dependent variable) was examined using 
generalized linear models with an identity link function and maximum likelihood estimation 
for regression parameters (SPSS Inc 2008). The significance of regression slope parameters 
(β) were examined by chi-square statistics (χ2). As the sample size was small there was a lack 
of power so we first chose to examine the univariate effects of the different covariates on 
plasma lactate levels. The alpha was set to 0.05. To reduce the problem with over 
parameterization we included only covariates with the strongest univariate effects when 
analyzing the relative contributions of the different covariates. These analyses were conducted 
by applying model selection based on the Akaike Information Criterion (AIC) with second 
order adjustments of the AIC (AICc) to correct for small-sample bias (Burnham & Anderson 
1998). Models that differed from the best model by more than 2 (ΔAICc > 2) were considered 
to have less support by the data, while models with ΔAICc ≤ 2 were considered as the set of 
most likely models (Burnham and Anderson 1998).
Results
When immobilised the moose were in a catatonic state, there was muscular tone present in all 
moose but no seizure activity. Slow spontaneous movements of the head and tongue were 
seen in some moose. A few moose needed to be manually restrained to prevent them from 
standing up. All moose recovered uneventfully from immobilisation, and no animal died in 
the following 12 weeks.
Data for plasma lactate, other physiological parameters, times and environmental data 
are summarised in Table 1. In 11 animals there were no missing data, whereas in two, two and 
four animals there were missing data for one, two and three variables respectively. 
The median (range) number of recordings of pulse rate, respiratory rate and SpO2 were 4 (1-
4), 3(1-5) and 1 (0-4) respectively. The results from the univariate analysis are given in Table 
2. The plasma lactate concentrations in moose were positively related to snow depth and 
negatively related to blood sampling time (Table 2). A significant (Table 2) trend for a 
decreasing plasma lactate concentration with induction time was found. No other covariate 
was found  to be related to plasma lactate concentrations (Table 2).
Based upon the results from the univariate analysis we included the covariates snow 
depth, induction time and blood sampling time in the global model. The best model (AICc = 
55.5, N=14) explaining the variation in lactate levels used induction time (β = -0.600, χ2 = 
22.0, df = 1, p < 0.001). The second best model (ΔAICc = 0.4) included the main effects of 
induction time (β = -0.461, χ2 = 12.3, df = 1, p < 0.001) and snow depth (β = 0.026, χ2 = 4.1, 
df = 1, p = 0.042). No other models were found within the range of ΔAICc ≤ 2 from the best 
model, the third best model had a ΔAICc = 4.1.
Discussion
When immobilising animals the stress prior to and during immobilisation ideally should 
induce as little homeostatic disturbance as possible and plasma lactate should not increase. In 
chemically immobilised wild African ruminants mean plasma lactate was found to range from 
5.3 to 12.8 mmol L-1 (Ganhao et al. 1989), and the mean plasma lactate concentration from 
the moose described in this current study were within this range (Table 1). Increased plasma 
lactate may be an indicator of metabolic acidosis and several authors have hypothesised that it 
might contribute to the development of capture myopathy (Williams & Thorne 1996). In 1600 
moose immobilised with etorphine in winter time 9 deaths were recorded, but none of these 
were attributed to capture myopathy (Arnemo et al. 2004). This would indicate that capture 
myopathy is not a major problem when immobilising moose with etorphine during winter, 
when performed carefully. The reference interval for lactate in resting wild moose has not 
been determined, but the upper limit in large domestic animals is 2.2 mmol L-1 (Poulsen & 
Surynek 1977; Robertson 1987; Apple et al. 1994). It is reasonable to assume that the upper 
limit of lactate in resting wild moose is in a similar range, but there are no published studies to 
confirm this. The mean plasma lactate concentrations in the moose in this study were more 
than 4 times higher than the upper limit for large domestic animals, indicating an increase in 
plasma lactate due to the immobilisation procedure. This finding implies that delivery of 
oxygen did not meet the demand of peripheral tissue during parts of or the whole 
immobilisation procedure. Possible reasons for the inadequate oxygen delivery may be the 
stress of capture pursuit, or the effects of etorphine ,which include respiratory depression, low 
arterial oxygen saturation, vasoconstriction reducing peripheral blood flow, or a combination 
of any of these (Hillidge & Lees 1971; Hillidge & Lees 1975; Koch et al. 1986; Robertson 
1987). During anaesthesia of most healthy domestic animals a plasma lactate in the range 
found in these moose would cause concern. In a recent study in isoflurane anaesthetised 
horses mean plasma lactate concentration was 2.0 mmol L-1 (Edner et al. 2009), and in 
halothane anaesthetised sheep a mean plasma lactate of 1.5 mmol L-1 was found (Taylor. 
1999). In treadmill exercised horses venous lactate may increase to >20 mmol L-1 (Nostell et 
al. 2006), and in treadmill exercised lambs plasma lactate increased to 14 mmol L-1 (Apple et 
al. 1994). This indicates that the increased plasma lactate values recorded in this study could 
be the result of exercise during capture, and may be in a physiological range in such 
circumstances.
The data were recorded under field conditions which were less than optimal for 
obtaining standardised high quality data. Only 19 animals are included and this limited 
number, together with the missing data mean that the results of the statistical analysis in this 
study must be interpreted with caution.
In this study, mean SpO2 measured in these moose was 82% with a range from 63-
95%. This indicates that some of the moose were severely hypoxaemic. Etorphine 24.5 µg kg-
1 and acepromazine 0.1 mg kg-1 administered intravenously in domestic ponies decreased the 
arterial oxygen tension (PaO2) as low 6.2 kPa (46 mmHg) resulting in a calculated mean ± 
SEM relative oxygen saturation of 76.6 ± 4.1 % 15 minutes after immobilisation (Hillidge & 
Lees 1975). In domestic horses undergoing castration and immobilised using the same 
protocol a mean ± SEM plasma lactate of 2.76 ± 0.22 mmol L-1 was found (Robertson 1987).. 
The horses had an increased muscle tone and in some horses widespread violent tremors were 
observed. The PaO2 was not measured in this study, and although it woud be expected to be 
low, jugular venous oxygen tensions were surprisingly well maintained.. The probable 
decreased PaO2 and vasoconstriction combined with the intense muscle activity were possible 
explanations given for the increase in plasma lactate (Robertson 1987). In this current study 
the plasma lactate concentrations measured in the moose were almost four times higher than 
those found in horses immobilised with etorphine and acepromazine. Hypoxemia combined 
with increased muscle tone and vasoconstriction and oxygen utilisation during the induction 
period may have reduced tissue oxygenation to such an extent that the plasma lactate 
concentrations increased. However, no significant influence was found of SpO2 upon plasma 
lactate concentrations. This could indicate that other variables influenced plasma lactate 
concentrations more than the observed hypoxemia. Another possible explanation for the 
observed lack of influence of hypoxemia upon plasma lactate concentrations may relate to 
inaccuracy in oxygen saturation measurements: SpO2 measurement has not been validated for 
the moose and also obtaining good quality recordings was impaired by slow spontaneous 
movements exhibited by the moose.
A significant trend was found between increasing induction time and decreasing 
plasma lactate concentrations, and according to the model selection criteria induction time 
was found to be included in the two models that best described the variability in plasma 
lactate concentrations. This suggests that induction time influences plasma lactate 
concentrations in etorphine immobilised moose. Possibly, this was because plasma lactate 
concentrations are related to dose dependent physiologic changes since etorphine was 
administered at a fixed dose to all moose. With this approach some moose may be overdosed 
resulting in greater physiologic changes and short induction times, whereas others may be 
under dosed resulting in less physiologic changes and longer induction times. We did not 
measure the weight of the animals and so were not able to test whether dose kg-1influenced 
this outcome.
Snow depth was also included in one of the best models that explained the variability 
in plasma lactate concentrations. This strengthens the hypothesis that conditions prior to 
actual immobilisation are, in part, responsible for the increased plasma lactate concentrations 
during immobilisation. Increasing depth of snow would increase the work done by the 
animals when running prior to becoming immobile. Studies in other species have shown that, 
during exercise, plasma lactate concentration gradually increases with increasing intensity of 
exercise until the anaerobic threshold is reached and then a sharp increase occurs (Snow & 
Valberg 1994). After low intensity exercise plasma lactate immediately starts to decrease 
when exercise is ended, whereas with higher intensity exercise plasma concentration of lactate 
peaks 5-10 minutes after end of exercise (Snow & Valberg 1994). If this is also true for the 
moose then it may be that the deep snow cover could increase lactate production due to a 
higher intensity of exercise, and this lactate may not have been metabolised totally when we 
sampled blood from the moose. Submaximal exercise after high intensity exercise will 
increase the rate of lactate catabolism (Snow & Valberg 1994), but these moose went directly 
from a state of high muscular activity to an immobile muscular rigid state. In horses 
immobilised with etorphine and acepromazine, venous blood sampled prior to induction, 
immediately after induction, prior to reversal and after recovery revealed that the drug 
combination increased plasma lactate concentrations (Robertson 1987). However when being 
immobilised the mean ± SEM plasma lactate concentration decreased from 2.76 ± 0.22 mmol 
L-1 in the first sample to 2.24 ± 0.25 mmol L-1 in the second sample but a statistical 
comparison between these two time points was not performed. In the current study a 
significantly negative influence was found of blood sampling time upon plasma lactate 
concentrations, but blood sampling time was not included in the best models. To verify a 
decrease more than one blood sample would have been needed. In a study of wild white 
rhinoceroses (Ceratotherium simum) immobilised using etorphine, azaperone and detomidine, 
two blood samples were obtained and plasma lactate was found to decrease with time during 
immobilisation (Wenger et al. 2007). This could indicate that there may be a net lactate 
metabolism in some mammals at certain stages of etorphine immobilisation. The rhinoceroses 
were hypoxaemic. By adding butorphanol to the protocol the rhinoceroses ran a shorter 
distance before becoming immobile and there was a trend towards decreased plasma lactate 
concentrations despite having lower arterial partial pressures of oxygen. This shows that 
under some conditions in some mammals physical exertion may have a higher impact than 
hypoxaemia upon plasma lactate concentration.
No significant effect was found between pursuit time and plasma lactate 
concentrations. A possible reason could be that during pursuit the animals were not yet 
influenced by the respiratory and cardiovascular effects of etorphine. Another possible 
explanation may be that pursuit time was calculated from the first observation of animals until 
firing the first dart. For some animals the major part of this time was observation of the 
animals from a high altitude, whereas for others an active pursuit was started immediately 
after the first observation, so the level of stress put on the animals in the period recorded as 
pursuit time varied.
Sampled blood was cooled and stored for 0.8 to 10.5 hours prior to centrifugation and 
harvesting of plasma. Plasma lactate will increase with time also in cooled heparinised blood 
(Poulsen & Surynek 1977). In bovine blood a linear increase in plasma lactate concentration 
of 0.4 ± 0.17 mmol L-1 was found over 24 hours (Poulsen & Surynek 1977). If the rate of 
lactate production is somewhat similar in blood from moose, this increased plasma lactate 
concentration will minimally have influenced our results. This view is supported by the 
observed lack of significant influence of whole blood storage time upon plasma lactate 
concentrations.
In this study the reversal dose and administration route of diprenorphine varied 
between moose despite the etorphine dose being similar. The decision of dose and 
administration route was left open to individual adaption since it occurred after blood 
sampling and thus could not influence the plasma lactate concentrations.
The moose seemed to cope well with etorphine immobilisation despite hypoxia and 
high plasma lactate concentration, supporting earlier reports using etorphine in the dose range 
of 6-9 mg in moose older than one year (Arnemo et al. 2003; Arnemo et al. 2004). The moose 
all recovered well and were still alive 12 weeks later.
We conclude that plasma lactate concentration in these moose immobilised with 
etorphine were found to be in the range reported for other immobilised wild ruminants under 
different climatic conditions, and that induction time and snow depth could be among the 
determining factors for plasma lactate concentrations in these moose. When immobilising 
moose short induction times and snow covered ground are commonly found to facilitate the 
search for the moose after immobilisation. However, as the results from the current study 
indicate that short induction time, which may be related to a more profound etorphine effect, 
and deep snow cover may also increase plasma lactate concentrations, these two concerns 
should be weighed against each other when deciding how and when to immobilise moose.
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Table 1: Mean, standard deviation, range and number of animals included for different 
variables recorded when immobilising a total of 19 moose with 7.5 mg intramuscular 
etorphine 
Mean ± Standard deviation Range N
Plasma lactate, mmol L-1 9.3 ± 2.1 2.9-12.5 19
Pulse rate, minute-1 67 ± 11 48-89 19
Respiratory rate, minute-1 28 ± 7 16-40 19
Body temperature, ºC 38.4 ± 1.0 37.1-41.3 17
Arterial hemoglobin oxygen 
saturation, % 
82 ± 10 63-95 15
Pursuit time, minutes 3.5 ± 3.0 0.5-9.8 13
Induction time, minutes 4.4 ± 2.6 1.5-12.5 18
Blood sampling time, minutes 11.0 ± 4.1 6.0-19.0 18
Whole blood storage time, hours 4.8 ± 2.6 0.8-10.5 19
Snow depth, centimetres 49 ± 29 5-80 15
Ambient temperature, ºC -5.2 ± 5.0 -15.0-1.0 19
Table 2. The univariate effects of different covariates on the plasma lactate levels in a total of 
19 moose immobilised with 7.5 mg intramuscular etorphine .
Covariates N Df Intercept β χ2 p
Pursuit time 13 1 9.423 0.036 0.080 0.78
Induction time 18 1 11.945 -0.583 22.797 < 0.001
Blood sampling time 18 1 12.104 -0.246 5.493 0.02
Whole blood storage time 19 1 9.146 0.033 0.035 0.85
Ambient temperature, ºC 19 1 8.934 -0.071 0.578 0.45
Snow depth 15 1 6.600 0.050 12.654 < 0.001
Pulse rate 19 1 6.399 0.043 1.056 0.30
Respiratory rate 19 1 10.628 -0.047 0.479 0.49
Relative oxygen saturation 15 1 13.073 -0.046 0.576 0.45
Body temperature, ºC 17 1 22.969 -0.357 0.547 0.46
